1. Introduction {#sec0005}
===============

Lymph node metastasis in the dorsal area of the thoracic aorta (DTA) in patients with esophageal cancer is relatively rare [@bib0005], and thoracoscopic esophagectomy with lymph node dissection is difficult via a standard right thoracic approach. Thoracoscopic surgery for esophageal cancer via the left thoracic cavity has been reported in patients with situs inversus totalis [@bib0010], [@bib0015], [@bib0020]. However, there have been only few reports on thoracic surgery via a left thoracic approach for dissection of lymph nodes in the DTA among esophageal cancer patients [@bib0025]. Here, we present two cases of esophageal cancer with lymph node metastasis in the DTA that successfully underwent thoracoscopic esophagectomy via a bilateral thoracoscopic approach performed in the prone position. Furthermore, we have discussed and reviewed relevant literature regarding the long-term outcome and significance of dissection of lymph nodes in the DTA among esophageal cancer patients.

2. Case presentation {#sec0010}
====================

2.1. Case 1 {#sec0015}
-----------

A 70-year-old man visited a physician with a complaint of difficulty in swallowing and was referred to our hospital. His medical history included hypertension, hyperlipidemia, and a vocal cord polyp. Upper gastrointestinal tract endoscopy showed a type 3 tumor in the upper thoracic esophagus. Endoscopic biopsy samples were obtained from the tumor, and analysis revealed squamous cell carcinoma of the esophagus. Computed tomography (CT) showed a thick wall in the upper esophagus and lymph node swelling around the bilateral recurrent laryngeal nerves and DTA ([Fig. 1](#fig0005){ref-type="fig"}a, b). Positron emission tomography (PET) was performed, and the maximum standardized uptake value of the lymph nodes in the DTA was 3.1. The clinical TNM staging (TNM 7th edition) was T3N3M0 stage IIIB.

Two cycles of 5-fluorouracil (800 mg/m^2^ from days 1--5) and cisplatin (80 mg/m^2^ on day 1) were administered intravenously as neo-adjuvant chemotherapy [@bib0030], without any adverse events. We evaluated the effect of neo-adjuvant chemotherapy according to the tumor response to chemotherapy based on the response evaluation criteria in solid tumors (RECIST) [@bib0035], and noted stable disease (SD) for the primary tumor and the lymph nodes in the DTA. On PET, F-fluoro-2-deoxy-[d]{.smallcaps}-glucose accumulation in the lymph nodes in the DTA was not noted. CT showed significant shrinking one of three lymph nodes and no change in the size of the other two lymph nodes in the DTA. Thoracoscopic esophagectomy with lymph node dissection was planned. General anesthesia was administered with single-lumen endotracheal intubation for bilateral lung ventilation. Thoracoscopic esophagectomy with lymph node dissection via a bilateral thoracic approach was performed in the prone position under 8 mmHg of artificial pneumothorax. Thoracic esophagectomy and mediastinal lymph node dissection were performed using five ports via the right thoracic cavity. The thoracic duct was preserved. The operating field was changed from the right to the left thoracic cavity, and the left arm was raised, while the right arm was pulled down. The procedure via the left side approach was performed using four ports ([Fig. 2](#fig0010){ref-type="fig"}) to dissect around the DTA according to the preoperative navigation CT findings ([Fig. 3](#fig0015){ref-type="fig"}a). The thoracoscopic operational view is shown in [Figs. 3](#fig0015){ref-type="fig"}b and c. Lymph nodes around the DTA were close to two left posterior intercostal arteries; therefore, these arteries were divided. Hand-assisted gastric tube mobilization was performed in the supine position. The gastric tube was inserted through the post mediastinal route, and hand-sewn anastomosis was performed between the gastric tube and the esophagus in the neck. Chest tubes in both thoracic cavities were removed 2 days post-surgery. The definitive diagnosis was pathological T2N3M0 (G2, stage IIIC) squamous cell carcinoma of the esophagus. Barium studies revealed no leakage in the anastomosis; however, resumption of diet was delayed due to the endoscopic finding of delayed wound healing in the anastomotic area. The patient was discharged to home 26 days after the surgery ([Table 1](#tbl0005){ref-type="table"}). CT and PET performed 8 months after the surgery revealed lung metastasis in the left lung, and the patient is being administered chemotherapy intravenously.

2.2. Case 2 {#sec0020}
-----------

A 72-year-old man with complaints of dysphagia and vomiting visited our hospital for the treatment of esophageal cancer. He had undergone appendectomy at 30 years of age.

Upper gastrointestinal tract endoscopy revealed esophageal stenosis due to a tumor present 36 cm from his incisor. Endoscopic biopsy indicated squamous cell carcinoma of the esophagus. CT showed a thick wall in the lower esophagus and lymph node swelling in the DTA ([Fig. 4](#fig0020){ref-type="fig"}a). The clinical TNM staging (TNM 7th edition) was T3N2M0 stage IIIB. Neoadjuvant chemotherapy was performed according to the same protocol as in case 1, and no adverse events were noted. We evaluated the tumor response to chemotherapy based on RECIST [@bib0035], and noted SD for both the primary tumor and the lymph nodes in the DTA. Subtotal esophagectomy with lymph node dissection was planned. General anesthesia was administered as in case 1. Subtotal esophagectomy and lymph node dissection were performed via the right thoracic cavity, followed by dissection of the lymph nodes around the DTA. The procedure via the right thoracic approach was longer in case 2 than in case 1 owing to the hard adhesion of the right lung and pleura. The lymph nodes in the DTA were dissected via the left thoracic cavity, and the intercostal arteries were identified using preoperative three-dimensional CT for reference ([Figs. 4](#fig0020){ref-type="fig"}b, c). The definitive diagnosis was pathological T3N2M0 (G2, stage IIIB) squamous cell carcinoma of the esophagus. The perioperative outcomes are shown in [Table 1](#tbl0005){ref-type="table"}. The patient had melena on day 19 due to the sigmoid diverticulitis, which was subsequently treated conservatively. The patient was discharged 27 days after the surgery. CT and PET performed 4 months after the surgery revealed lymph node metastasis around the lower mediastinum and the DTA. The patient is currently being administered chemotherapy intravenously.

3. Discussion {#sec0025}
=============

The incidence of lymph node metastasis in the DTA in esophageal cancer patients is relatively low. Hatooka et al. reported that this condition was found in 3 of 1029 esophageal cancer patients [@bib0005].

Thoracoscopic esophagectomy in the prone position was first reported in 1994 by Cuschieri [@bib0040], and it was thought to be superior to thoracoscopic surgery in the lateral decubitus position or open thoracotomy in terms of lower blood loss and fewer pulmonary complications [@bib0045], [@bib0050]. Shimada et al. reported a bilateral thoracic approach for a patient with lymph node metastasis in the DTA, and the authors mentioned that minimal conversion of the surgical position was the advantage of surgery in the prone position [@bib0025]. During the left thoracoscopic procedure, the course of the descending aorta could be recognized and a sufficient surgical field could be obtained in the left thoracic cavity. Both hospitalization and surgical duration of the cases discussed here tended to be longer compared to those in the case reported by Shimada et al. [@bib0025] ([Table 1](#tbl0005){ref-type="table"}). However, this approach is expected to be longer in patients with pleural adhesions, and blood loss is also expected to be more than usual. The procedure is thought to be a safe alternative for patients with metastasis in the DTA; however, only a few cases have been studied in the recent past.

The transesophageal hiatal approach was reported as another approach for the dissection of posterior mediastinal lymph nodes. Shiozaki et al. reported that the posterior mediastinal lymph nodes, including those around the anterior area of thoracic aorta, could be dissected using the pneumomediastinum method [@bib0055]. Ninomiya et al. reported on dissection of lymph nodes in the DTA performed using transhiatal mediastinoscopy [@bib0060]. During the pneumomediastinal procedure, the operating field is deep and narrow, and the mediastinoscopic view would be more limited with this procedure than with the thoracoscopic procedure. The left thoracic approach appears to be superior to their method, as it provides a wider surgical view. However, the benefit of the mediastinoscopic procedure is that it can be performed for lymphadenectomy in the DTA, followed by the laparoscopic procedure sequentially without any change in the surgical position.

Thoracic esophagectomy is usually performed via the right thoracic approach, and the left thoracic approach is rare in esophageal surgery. We performed three-dimensional CT imaging in order to simulate and understand the relation between the swollen lymph nodes and the surrounding tissues. It is thought that recognition of the anatomy for preoperative navigation is useful to perform the procedure safely [@bib0065], [@bib0070], [@bib0075].

The long-term prognosis of patients who have undergone dissection of metastatic lymph nodes in the DTA is unclear. Shimada et al. reported a case that did not show recurrence 7 months after the operation [@bib0025]. However, Nakagawa et al. reported a case that underwent DTA dissection and died 10 months after the surgery owing to recurrence around the trachea [@bib0080]. Kaisaki et al. reported two patients with dissection of lymph nodes in the DTA, who showed prolonged survival of 60 months and 12 months [@bib0085]. Hatooka et al. reported two esophageal cancer patients with metastasis in the DTA, who died 19 months and 23 months after chemoradiotherapy, and another patient treated with neoadjuvant chemotherapy, followed by esophagectomy and dissection of lymph nodes in the DTA, who survived for 46 months after the operation without any recurrence [@bib0005]. Further studies are required to reach consensus on guidelines that may inform clinical management in proceeding with DTA lymphadenectomy after stable disease post neoadjuvant chemotherapy, or neoadjuvant chemoradiotheapy. Some reports have presented patients with long-term survival after dissection of lymph nodes in the DTA, while other reports have presented patients with recurrence in the early period after surgery. Case 1 of our report developed lung metastasis 8 months after the operation, and case 2 showed recurrence of lymph node metastasis around the reconstructed gastric tube and DTA 4 months after the surgery. The long-term outcome and significance of dissection of lymph nodes in the DTA among esophageal cancer patients remain controversial. Therefore, the surgical indication should be decided carefully. Thoracoscopy could be considered, which would be followed by esophagectomy; however, further studies are required to establish the indications and efficacy of our therapeutic approach. This work has been reported in line with the SCARE criteria [@bib0090].

4. Conclusion {#sec0030}
=============

We reported two cases of esophageal cancer with lymph node metastasis in the DTA that safely underwent thoracoscopic esophagectomy with lymphadenectomy via a bilateral approach in the prone position. The procedure could be performed without a complicated change in the surgical position. Although bilateral thoracoscopic esophagectomy in the prone position for dissection of lymph nodes in the DTA might be an alternative curative surgery for esophageal cancer, more studies are needed in the future to elucidate the safety and efficacy thereof.
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![Computed tomography images.\
Computed tomography images show a thick wall in the upper thoracic esophagus (a) and lymph node swelling in the dorsal area of the thoracic aorta (b).](gr1){#fig0005}

![Placement of the ports.\
①: A 5-mm port is placed in the 5th intercostal space along the middle axillary line (grasping forceps). ②: A 5-mm port is placed in the 7th intercostal space along the middle axillary line (operator's use). ③: A 12-mm port is placed in the 8th intercostal space along the posterior axillary line (assistant's use). ④: A 12-mm port is placed in the 9th intercostal space along the posterior axillary line (camera port).](gr2){#fig0010}

![Images of case 1.\
a: A preoperative three-dimensional computed tomography image shows the relationship between lymph node swelling in the dorsal area of the thoracic aorta and the neighboring structures.\
b: A lymph node swelling in the cranial side of the dorsal area of the thoracic aorta (DTA) is removed using a left thoracoscopic procedure.\
c: A lymph node swelling in the caudal side of the DTA is removed using a left thoracoscopic procedure.](gr3){#fig0015}

![Images of case 2.\
a: A computed tomography image shows a thick wall in the esophagus and metastatic lymph node swelling in the dorsal area of the thoracic aorta (DTA).\
b: A three-dimensional computed tomography image shows lymph node swelling in the DTA (arrows) and the course of left intercostal artery (arrow-head).\
c: Left thoracoscopic intraoperative view. A metastatic lymph node in the DTA is dissected via the left thoracic cavity.](gr4){#fig0020}

###### 

Perioperative outcomes.

Table 1

  Case                        Duration of the right thoracic procedure (min)   Duration of the left thoracic procedure (min)   Surgical duration of the thoracic procedure (min)   Blood loss during the thoracic procedure (g)   Hospital stay after the operation (days)
  --------------------------- ------------------------------------------------ ----------------------------------------------- --------------------------------------------------- ---------------------------------------------- ------------------------------------------
  1                           249                                              59                                              308                                                 36                                             26
  2                           519                                              29                                              548                                                 140                                            27
  Shimada et.al. [@bib0025]   220                                              40                                              260                                                 \<50                                           23
